Pyrene-modified unlocked nucleic acids: synthesis, thermodynamic studies, and fluorescent properties by Karlsen, Kasper K et al.
Supporting Information
 Copyright Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim, 2012
Pyrene-Modified Unlocked Nucleic Acids: Synthesis,
Thermodynamic Studies, and Fluorescent Properties




Pyrene-modified UNA (unlocked nucleic acid): 
Synthesis, thermodynamic studies and fluorescent 
properties. 
Kasper K. Karlsen, Anna Pasternak, Troels B. Jensen, Jesper Wengel* 
Nucleic Acid Center, Department of Physics, Chemistry, and Pharmacy, University of Southern 
Denmark, Odense, Denmark 
*jwe@ifk.sdu.dk 
Supporting Information: Table of Contents 
MALDI ON1-ON8  S1 
IC-HPLC profiles S2-5 
Thermodynamic values S6-11 
Fluorescence measurements procedure S12 
Fluorescence spectra S13-20 
UV-abs S21 
NMR compounds S22-26 
Peak match MS compounds (amidites) S27-29 
  
 
Table S1: MALDI-MS analysis of ON1-ON8 
 
Code Sequence M(calcd) M(exp) 
ON1 5’ TGC ACT GTA XGT CTG TAC CAT 6688.5 6687.0 
ON2 5’ TGC ACT GTA XGX CTG TAC CAT 6689.8 6986.7 
ON3 5’ TGC ACX GTA TGT CTG XAC CAT 6689.8 6991.3 
ON4 5’ TGC ACT GTA YGT CTG TAC CAT 6674.5 6671.5 
ON5 5’ TGC ACT GTA YGY CTG TAC CAT 6959.7 6959.3 
ON6 5’ TGC ACY GTA TGT CTG YAC CAT 6959.7 6962.2 
ON7 5’ TGC ACY GTA XGT CTG YAC CAT 7260.0 7263.2 
































Experimental procedure for obtaining thermodynamic data. 
Oligonucleotides were melted in a 10 mM sodium phosphate buffer containing 100 mM 
sodium chloride and 0.1 mM EDTA, pH 7.0. Oligonucleotide single strand concentrations 
were calculated from the absorbance above 80 ºC. Single strand extinction coefficients were 
approximated by a nearest-neighbor model with the HyTher program. Complementary 
oligonucleotides were mixed at a 1:1 molar ratio. The measurements were performed for 
nine different concentrations of each duplex in the range 10-5 – 10-6 M using 10 mm (300 µl) 
quartz microcuvettes. Absorbance vs. temperature melting curves were measured by UV 
melting method at 260 nm with a heating rate of 1 ºC/min from 5 to 95 ºC on a Beckman 
DU 800 spectrophotometer equipped with 6-position microcell holder and 
thermoprogrammer. Melting curves were analyzed and thermodynamic parameters were 
calculated assuming a two-state model with the program MeltWin 3.5. The ∆H˚ derived 
from Tm-1 vs. ln (CT/4) plots was within 15% of that derived from averaging the fits to 
individual melting curves for the majority of analyzed duplexes. This indicates that the 




Table 1S                                                                                                 
Duplexes (5'-3') 


























TGCACTGTATGTCTGTACCAT ATGGTACAGACATACAGTGCA 160.7±4.2 452.4±12.4 20.40±0.32 66.3 164.3±3.1 462.9±9.1 20.67±0.22 66.2 0      0 0 0 
TGCACTGTATGTCTGTACCAT ATGGTACAGAAATACAGTGCA 143.2±3.6 410.9±10.9 15.74±0.23 58.3 139.1±8.9 398.3±27.4 15.52±0.46 58.4   5.15 -7.8 
TGCACTGTATGTCTGTACCAT ATGGTACAGAGATACAGTGCA 153.8±3.8 441.1±11.4 17.01±0.24 59.7 143.3±7.0 408.9±21.2 16.43±0.39 60.0   4.24 -6.2 
TGCACTGTATGTCTGTACCAT ATGGTACAGATATACAGTGCA 156.5±4.2 448.4±12.6 17.38±0.25 60.1 153.6±7.0 439.6±21.4 17.21±0.40 60.2   3.46 -6.0 
TGCACTGTAUGTCTGTACCAT ATGGTACAGACATACAGTGCA 166.2±9.3 479.3±28.3 17.55±0.52 59.0 151.8±8.1 435.3±24.7 16.77±0.44 59.4 3.90 -6.8 0 0 
TGCACTGTAUGTCTGTACCAT ATGGTACAGAAATACAGTGCA 134.2±1.9 391.4±5.6 12.83±0.17 52.3 125.0±9.7 362.5±30.2 12.54±0.34 52.7   4.23 -6.7 
TGCACTGTAUGTCTGTACCAT ATGGTACAGAGATACAGTGCA 135.1±2.6 393.6±7.9 13.03±0.18 52.7 124.7±11.4 361.2±35.6 12.70±0.41 53.1   4.07 -6.3 
TGCACTGTAUGTCTGTACCAT ATGGTACAGATATACAGTGCA 147.5±1.8 430.4±5.6 13.99±0.13 53.5 144.9±13.5 422.4±42.0 13.90±0.52 53.6   2.87 -5.8 
TGCACTGTAYGTCTGTACCAT ATGGTACAGACATACAGTGCA 146.0±4.5 410.0±13.4 18.80±0.30 65.5 142.0±7.4 398.2±7.4 18.53±0.53 65.5 2.14 -0.7 0 0 
TGCACTGTAYGTCTGTACCAT ATGGTACAGAAATACAGTGCA 127.8±2.1 364.4±6.6 14.83±0.07 58.5 119.7±6.0 339.5±18.3 14.45±0.28 59.0   4.08 -6.5 
TGCACTGTAYGTCTGTACCAT ATGGTACAGAGATACAGTGCA 130.8±5.3 373.0±16.4 15.15±0.27 58.9 128.8±5.0 366.8±15.3 15.07±0.24 59.0   3.46 -6.5 
TGCACTGTAYGTCTGTACCAT ATGGTACAGATATACAGTGCA 139.3±3.5 396.6±10.7 16.26±0.23 60.3 136.7±14.0 388.8±42.7 16.13±0.79 60.4   2.40 -5.1 
TGCACTGTAUGUCTGTACCAT ATGGTACAGACATACAGTGCA 117.2±1.8 341.3±5.5 11.38±0.06 50.4 120.8±5.4 352.7±17.1 11.46±0.13 50.2 9.21 -16.0 0 0 
TGCACTGTAUGUCTGTACCAT ATGGTACAGAAATACAGTGCA 122.4±5.7 357.6±17.8 11.52±0.14 50.2 113.7±3.5 330.0±11.0 11.31±0.09 50.6   0.15 0.4 
TGCACTGTAUGUCTGTACCAT ATGGTACAGAGATACAGTGCA 126.0±3.1 368.1±9.6 11.80±0.13 50.5 114.2±4.1 331.1±13.0 11.50±0.11 51.1   -0.04 0.9 
TGCACTGTAUGUCTGTACCAT ATGGTACAGATATACAGTGCA 120.0±6.3 350.5±19.7 11.31±0.16 49.9 111.7±3.8 324.1±12.1 11.12±0.09 50.3   0.34 0.1 
S8 
 
TGCACTGTAYGYCTGTACCAT ATGGTACAGACATACAGTGCA 127.9±2.2 360.2±6.7 16.20±0.17 62.4 140.9±8.7 399.6±26.5 16.95±0.51 61.8 3.72 -4.4 0 0 
TGCACTGTAYGYCTGTACCAT ATGGTACAGAAATACAGTGCA 120.3±2.8 339.6±8.3 14.93±0.18 60.3 121.4±9.8 343.2±30.0 14.99±0.52 60.2   1.96 -1.6 
TGCACTGTAYGYCTGTACCAT ATGGTACAGAGATACAGTGCA 120.4±1.5 339.5±4.8 15.10±0.06 60.8 130.5±6.3 370.4±19.3 15.63±0.34 60.2   1.32 -1.6 
TGCACTGTAYGYCTGTACCAT ATGGTACAGATATACAGTGCA 121.4±3.6 341.9±10.9 15.35±0.23 61.3 124.4±7.3 351.0±22.3 15.52±0.42 61.2   1.43 -0.6 
TGCACUGTATGTCTGUACCAT ATGGTACAGACATACAGTGCA 119.5±3.2 347.6±10.2 11.67±0.10 50.9 120.5±4.4 350.8±13.9 11.69±0.12 50.9 8.98 -15.3 0 0 
TGCACUGTATGTCTGUACCAT ATGGTACAGAAATACAGTGCA 94.7±6.7 281.7±21.5 7.33±0.04 39.6 83.8±4.4 246.2±14.2 7.45±0.08 40.5   4.24 -10.4 
TGCACUGTATGTCTGUACCAT ATGGTACAGAGATACAGTGCA 100.8±4.3 298.7±14.1 8.13±0.04 42.0 97.0±2.6 286.4±8.3 8.13±0.02 42.2   3.56 -8.7 
TGCACUGTATGTCTGUACCAT ATGGTACAGATATACAGTGCA 105.1±1.5 311.0±4.7 8.63±0.04 43.3 107.7±3.1 319.3±10.1 8.63±0.02 43.2   3.06 -7.7 
TGCACYGTATGTCTGYACCAT ATGGTACAGACATACAGTGCA 132.7±2.7 372.7±8.3 17.07±0.17 63.8 127.7±10.6 357.7±31.9 16.76±0.68 64.0 3.91 -2.2 0 0 
TGCACYGTATGTCTGYACCAT ATGGTACAGAAATACAGTGCA 101.0±2.6 288.5±8.0 11.50±0.11 53.0 110.6±4.3 318.7±13.4 11.77±0.13 52.4   4.99 -11.6 
TGCACYGTATGTCTGYACCAT ATGGTACAGAGATACAGTGCA 108.1±1.6 308.1±5.1 12.56±0.08 55.3 103.4±4.7 293.5±14.4 12.39±0.18 55.6   4.37 -8.4 
TGCACYGTATGTCTGYACCAT ATGGTACAGATATACAGTGCA 111.9±2.9 318.9±9.1 13.01±0.12 56.1 110.3±5.3 314.0±16.5 12.95±0.21 56.1   3.81 -7.9 
DNA/RNA 
TGCACTGTATGTCTGTACCAT AUGGUACAGACAUACAGUGCA 145.7±6.3 406.0±18.9 19.75±0.48 68.0 157.9±5.1 442.3±15.2 20.68±0.39 67.5 0 0 0 0 
TGCACTGTATGTCTGTACCAT AUGGUACAGAAAUACAGUGCA 167.9±2.8 485.3±8.6 17.38±0.19 58.4 174.4±16.6 505.1±50.8 17.72±0.90 58.3   2.96 -9.2 
TGCACTGTATGTCTGTACCAT AUGGUACAGAGAUACAGUGCA 178.3±7.6 514.2±23.2 18.82±0.45 60.0 176.1±11.4 507.6±34.8 18.68±0.67 60.0   2.00 -7.5 
TGCACTGTATGTCTGTACCAT AUGGUACAGAUAUACAGUGCA 186.7±8.1 538.9±24.6 19.55±0.47 60.3 192.6±7.3 556.9±22.1 19.91±0.42 60.1   0.77 -7.4 
TGCACTGTAUGTCTGTACCAT AUGGUACAGACAUACAGUGCA 152.3±11.3 434.1±34.3 17.65±0.68 61.4 153.5±11.0 437.7±33.4 17.73±0.69 61.4 2.95 -6.1 0 0 
TGCACTGTAUGTCTGTACCAT AUGGUACAGAAAUACAGUGCA 144.5±7.7 421.4±23.8 13.79±0.31 53.4 149.4±12.5 436.7±38.8 13.94±0.47 53.2   3.79 -8.2 
TGCACTGTAUGTCTGTACCAT AUGGUACAGAGAUACAGUGCA 147.3±7.2 429.9±22.3 13.93±0.30 53.4 148.3±8.6 433.1±26.7 13.96±0.32 53.4   3.77 -8.0 
TGCACTGTAUGTCTGTACCAT AUGGUACAGAUAUACAGUGCA 167.3±4.4 487.6±13.4 16.04±0.23 55.7 165.1±11.6 480.9±35.9 15.95±0.51 55.8   1.78 -5.6 
TGCACTGTAYGTCTGTACCAT AUGGUACAGACAUACAGUGCA 162.0±6.2 458.8±18.7 19.68±0.41 64.4 166.3±10.6 471.6±32.0 19.98±0.72 64.3 0.70 -3.2 0 0 
S9 
 
TGCACTGTAYGTCTGTACCAT AUGGUACAGAAAUACAGUGCA 131.2±4.4 377.5±13.2 14.15±0.26 56.1 127.9±8.8 367.4±27.2 14.01±0.37 56.2   5.97 -8.1 
TGCACTGTAYGTCTGTACCAT AUGGUACAGAGAUACAGUGCA 130.2±5.9 373.2±18.2 14.40±0.28 57.0 131.4±7.9 377.0±24.5 14.44±0.36 56.9   5.54 -7.4 
TGCACTGTAYGTCTGTACCAT AUGGUACAGAUAUACAGUGCA 145.5±6.0 418.9±18.3 15.57±0.32 57.6 138.1±10.3 396.1±31.5 15.21±0.50 57.8   4.77 -6.5 
TGCACTGTAUGUCTGTACCAT AUGGUACAGACAUACAGUGCA 155.7±5.8 457.5±18.0 13.77±0.22 52.1 149.8±2.2 439.1±6.9 13.56±0.07 52.3 7.12 -15.2 0 0 
TGCACTGTAUGUCTGTACCAT AUGGUACAGAAAUACAGUGCA 159.9±3.1 471.7±9.8 13.57±0.09 51.3 164.2±4.8 485.4±14.9 13.69±0.15 51.1   -0.13 -1.2 
TGCACTGTAUGUCTGTACCAT AUGGUACAGAGAUACAGUGCA 155.2±9.8 457.1±30.4 13.44±0.35 51.4 148.3±8.8 435.6±27.3 13.22±0.28 51.6   0.34 -0.7 
TGCACTGTAUGUCTGTACCAT AUGGUACAGAUAUACAGUGCA 145.7±2.0 428.4±6.0 12.87±0.09 51.1 146.1±5.2 429.4±16.4 12.88±0.15 51.1   0.68 -1.2 
TGCACTGTAYGYCTGTACCAT AUGGUACAGACAUACAGUGCA 134.4±4.3 384.5±13.2 15.16±0.22 58.3 148.6±4.8 428.1±14.8 15.85±0.24 57.7 4.83 -9.8 0 0 
TGCACTGTAYGYCTGTACCAT AUGGUACAGAAAUACAGUGCA (123.4±6.9) (352.4±21.1) (14.09±0.40) 57.2 (146.5±11.0) (423.4±33.9) (15.12±0.51) 56.3   0.73 -1.4 
TGCACTGTAYGYCTGTACCAT AUGGUACAGAGAUACAGUGCA 129.9±6.0 372.3±18.6 14.38±0.27 56.9 131.3±6.7 376.8±20.6 14.42±0.30 56.8   1.43 -0.9 
TGCACTGTAYGYCTGTACCAT AUGGUACAGAUAUACAGUGCA 131.1±4.9 376.5±15.0 14.29±0.25 56.5 127.5±9.4 365.6±29.0 14.15±0.42 56.7   1.70 -1.0 
TGCACUGTATGTCTGUACCAT AUGGUACAGACAUACAGUGCA 118.2±3.3 341.4±10.4 12.29±0.11 52.9 125.6±7.2 364.8±22.5 12.52±0.23 52.5 8.16 -15.0 0 0 
TGCACUGTATGTCTGUACCAT AUGGUACAGAAAUACAGUGCA 97.4±9.1 287.5±29.5 8.22±0.07 42.5 96.8±2.9 285.5±9.3 8.20±0.03 42.4   4.32 -10.1 
TGCACUGTATGTCTGUACCAT AUGGUACAGAGAUACAGUGCA 104.0±7.3 307.0±23.5 8.76±0.05 43.8 109.5±5.3 324.7±17.1 8.76±0.05 43.5   3.76 -9.0 
TGCACUGTATGTCTGUACCAT AUGGUACAGAUAUACAGUGCA 105.1±5.1 309.7±16.4 9.01±0.02 44.5 112.1±8.3 332.1±26.6 9.04±0.09 44.1   3.48 -8.4 
TGCACYGTATGTCTGYACCAT AUGGUACAGACAUACAGUGCA 114.0±10.1 322.3±31.0 14.08±0.51 59.0 117.3±15.3 332.3±46.8 14.21±0.83 58.7 6.47 -8.8 0 0 
TGCACYGTATGTCTGYACCAT AUGGUACAGAAAUACAGUGCA 109.5±6.3 321.2±20.2 9.86±0.09 46.7 114.3±6.5 336.7±20.9 9.89±0.10 46.4   4.32 -12.3 
TGCACYGTATGTCTGYACCAT AUGGUACAGAGAUACAGUGCA 109.0±5.9 317.3±18.7 10.64±0.17 49.1 120.6±11.4 354.0±35.9 10.85±0.26 48.5   3.36 -10.2 
TGCACYGTATGTCTGYACCAT AUGGUACAGAUAUACAGUGCA 120.1±5.6 351.3±17.6 11.11±0.17 49.3 143.1±4.1 424.0±13.0 11.59±0.09 48.4   2.62 -10.3 







































TGCACTGTATGTCTGTACCAT ATGGTACAGACATACAGTGCA 160.7±4.2 452.4±12.4 20.40±0.32 66.3 164.3±3.1 462.9±9.1 20.67±0.22 66.2 0      0 0 0 
TGCACTGTATGTCTGTACCAT ATGGTACAGACCTACAGTGCA 150.2±4.6 431.5±14.1 16.41±0.27 58.8 155.8±5.5 448.5±16.7 16.71±0.29 58.7   3.96      -7.5 
TGCACTGTATGTCTGTACCAT ATGGTACAGACTTACAGTGCA 153.5±6.4 438.9±19.3 17.34±0.38 60.5 155.4±6.1 444.9±18.6 17.45±0.35 60.4   3.22 -5.8 
TGCACTGTATGTCTGTACCAT ATGGTACAGACGTACAGTGCA 156.3±3.6 443.7±10.9 18.70±0.24 63.2 155.7±7.9 441.9±23.8 18.66±0.50 63.2   2.01 -3.0 
TGCACTGTAUGTCTGTACCAT ATGGTACAGACATACAGTGCA 166.2±9.3 479.3±28.3 17.55±0.52 59.0 151.8±8.1 435.3±24.7 16.77±0.44 59.4 3.90 -6.8 0 0 
TGCACTGTAUGTCTGTACCAT ATGGTACAGACCTACAGTGCA 139.5±2.2 401.8±6.8 14.85±0.11 56.7 146.4±6.5 423.1±20.0 15.15±0.29 56.4   1.62 -3.0 
TGCACTGTAUGTCTGTACCAT ATGGTACAGACTTACAGTGCA 147.2±7.1 424.5±21.7 15.55±0.33 57.2 138.1±3.3 396.6±10.0 15.12±0.15 57.6   1.65 -1.8 
TGCACTGTAUGTCTGTACCAT ATGGTACAGACGTACAGTGCA 139.3±2.1 398.6±6.4 15.68±0.14 58.8 136.0±5.2 388.6±15.8 15.51±0.26 58.9   1.26 -0.5 
TGCACTGTAYGTCTGTACCAT ATGGTACAGACATACAGTGCA 146.0±4.5 410.0±13.4 18.80±0.30 65.5 142.0±7.4 398.2±7.4 18.53±0.53 65.5 2.14 -0.7 0 0 
TGCACTGTAYGTCTGTACCAT ATGGTACAGACCTACAGTGCA 137.7±2.9 386.9±8.8 17.70±0.17 64.4 142.0±9.3 400.0±27.9 17.98±0.62 64.2   0.55 -1.3 
TGCACTGTAYGTCTGTACCAT ATGGTACAGACTTACAGTGCA 153.8±8.3 434.8±24.9 18.96±0.56 64.3 153.4±4.5 433.5±13.5 18.95±0.30 64.3   -0.42 -1.2 




TGCACTGTATGTCTGTACCAT AUGGUACAGACAUACAGUGCA 145.7±6.3 406.0±18.9 19.75±0.48 68.0 157.9±5.1 442.3±15.2 20.68±0.39 67.5 0 0 0 0 
TGCACTGTATGTCTGTACCAT AUGGUACAGACCUACAGUGCA 162.7±3.9 467.6±11.7 17.70±0.22 59.8 171.2±3.1 494.0±9.5 18.02±0.17 59.3   2.66 -8.2 
TGCACTGTATGTCTGTACCAT AUGGUACAGACUUACAGUGCA 199.3±14.6 575.5±44.2 20.81±0.88 60.9 186.5±8.8 536.5±26.8 20.07±0.54 61.3   0.61 -6.2 
TGCACTGTATGTCTGTACCAT AUGGUACAGACGUACAGUGCA 169.1±12.8 478.5±38.2 20.69±0.92 65.3 161.2±8.9 455.0±26.8 20.11±0.64 65.5   0.57 -2.0 
TGCACTGTAUGTCTGTACCAT AUGGUACAGACAUACAGUGCA 152.3±11.3 434.1±34.3 17.65±0.68 61.4 153.5±11.0 437.7±33.4 17.73±0.69 61.4 2.95 -6.1 0 0 
TGCACTGTAUGTCTGTACCAT AUGGUACAGACCUACAGUGCA 145.4±7.3 419.2±22.6 15.44±0.31 57.2 143.5±7.6 413.3±23.3 15.34±0.37 57.3   2.39 -4.1 
TGCACTGTAUGTCTGTACCAT AUGGUACAGACUUACAGUGCA 164.9±14.4 475.8±43.6 17.30±0.82 58.7 152.2±8.2 436.9±25.0 16.65±0.42 59.1   1.08 -2.3 
TGCACTGTAUGTCTGTACCAT AUGGUACAGACGUACAGUGCA 122.0±5.6 344.7±17.0 15.09±0.35 60.4 113.5±9.5 318.7±28.9 14.63±0.51 60.8   3.10 -0.6 
TGCACTGTAYGTCTGTACCAT AUGGUACAGACAUACAGUGCA 162.0±6.2 458.8±18.7 19.68±0.41 64.4 166.3±10.6 471.6±32.0 19.98±0.72 64.3 0.70 -3.2 0 0 
TGCACTGTAYGTCTGTACCAT AUGGUACAGACCUACAGUGCA 127.1±5.8 357.8±17.6 16.08±0.37 62.2 128.3±10.7 361.8±10.7 16.14±0.62 62.1   3.84 -2.2 
TGCACTGTAYGTCTGTACCAT AUGGUACAGACUUACAGUGCA 157.3±9.5 446.8±28.7 18.74±0.62 63.1 150.1±6.8 425.0±20.4 18.30±0.43 63.4   1.68 -1.1 
TGCACTGTAYGTCTGTACCAT AUGGUACAGACGUACAGUGCA 118.7±12.6 330.8±38.0 16.08±0.80 64.1 114.1±4.4 317.1±13.4 15.76±0.28 64.3   4.22 ±0.0 






Steady-state fluorescence studies 
Experimental details: 
 
Oligonucleotides were thoroughly mixed in medium buffer (100 mM NaCl, adjusted to pH 
7.0 with 10 mM NaH2PO4/5 mM Na2HPO4) in concentrations of 0.5 µM of each strand. The 
samples were heated at 85 °C for 10 min and cooled to 19 °C before measurements in 
quartz optical cells with a path length of 1.0 cm. Background spectrum of buffer solution 
was recorded with an excitation wavelength of 330 nm and was subtracted from the 
relevant spectra. Steady-state spectra (350-600 nm) were recorded on a Perkin Elmer LS 55 
luminescence spectrometer at 19 °C as an average of three scans using an excitation 





Steady-state fluorescence emission spectra of ON1-ON8 
 
ON1 single strand and matched DNA and RNA duplexes 
 
 
ON1 single strand and DNA and RNA duplexes mismatched across from position 
11 (Table 1) 
 
 
ON1 single strand and DNA and RNA duplexes mismatched across from position 








ON2 single strand and matched DNA and RNA duplexes 
 
 
ON2 single strand and DNA and RNA duplexes mismatched across from position 







ON3 single strand and matched DNA and RNA duplexes 
 
 
ON3 single strand and DNA and RNA duplexes mismatched across from position 
11 (Table 1) 
 
 
ON3 single strand and DNA and RNA duplexes mismatched across from position 






ON4 single strand and matched DNA and RNA duplexes 
 
ON4 single strand and DNA and RNA duplexes mismatched across from position 
11 (Table 1) 
 
 
ON4 single strand and DNA and RNA duplexes mismatched across from position 







ON5 single strand and matched DNA and RNA duplexes 
 
 
ON5 single strand and DNA and RNA duplexes mismatched across from position 







ON6 single strand and matched DNA and RNA duplexes 
 
 
ON6 single strand and DNA and RNA duplexes mismatched across from position 
11 (Table 1) 
 
 
ON6 single strand and DNA and RNA duplexes mismatched across from position 






ON7 single strand and matched DNA and RNA duplexes 
 
 
ON7 single strand and DNA and RNA duplexes mismatched across from position 
11 (Table 1) 
 
 
ON7 single strand and DNA and RNA duplexes mismatched across from position 






ON8 single strand and matched DNA and RNA duplexes 
 
 
ON8 single strand and DNA and RNA duplexes mismatched across from position 
11 (Table 1) 
 
 
ON8 single strand and DNA and RNA duplexes mismatched across from position 







Single strand and DNA duplex of ON1 
 
 
Single strand and DNA duplex of ON3 
 
 
Single strand and DNA duplex of ON5 
 
Single strand and DNA duplex of ON7 
 
Single strand and DNA duplex of ON2 
 
 
Single strand and DNA duplex of ON4 
 
 
Single strand and DNA duplex of ON6 
 
 




























NMR spectrum of compound 6 
 
 





HR-MS spectrum of compound 2 
 





HR-MS spectrum of compound 4 
 
 




HR-MS spectrum of compound 6 
 
HR-MS spectrum of compound 7 
 
